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ABSTRACT implementation of no-till. We were interested in learn-
ing more about the labile C pools associated with biolog-No-till practices have the potential to increase soil organic C, but
ically active processes such as nutrient cycling and soillittle is known about the relative contribution of surface residue and

roots to soil organic C accumulation. In a simulated no-till experiment, aggregation. Particulate organic matter consists of par-
we studied the fate of 14C-labeled surface residue and in situ roots tially decomposed plant residues and is considered to
during a 1-yr incubation. Soil samples collected during the incubation be the first intermediate pool in the decay continuum
were chemically dispersed and separated into five particle size and between crop residue and humified, stable organic mat-
density fractions. The organic C, 14C, and total N content of each ter (Gregorich and Janzen, 1996). Cambardella and El-
fraction was determined. Alkali traps were used to measure 14C losses liott (1993) reported a strong correlation between POMdue to respiration. After 360 d, 66% of the 14C contained in the surface

C and macroaggregates in soil. The importance of POMresidue on Day 0 had been respired as 14CO2, 11% remained in residue
as a source of energy and nutrients in the soil ecosystemon the soil surface, and 16% was in the soil. In comparison, 56% of
has been emphasized by several researchers (Gregorichthe root-derived 14C in the soil was evolved as 14CO2 and 42% remained

in the soil. The large (500–2000 mm) and small (53–500 mm) particulate and Janzen, 1996; Karlen and Cambardella, 1996; Gre-
organic matter (POM) fractions together contained 11 to 16% of the gorich et al., 1994), however, the dynamics of POM are
initial root-derived 14C in the soil. In contrast, POM contained only not well understood.
1 to 3% of the inital surface residue–derived 14C. These data show The specific objectives of this work were: (i) to deter-
clear differences in the partitioning of surface residue– and root- mine the relative contribution of surface residue and in
derived C during decomposition and imply that the beneficial effects

situ roots to SOM immediately following the implemen-of no-till on soil organic C accrual are primarily due to the increased
tation of no-till and (ii) to characterize the partitioningretention of root-derived C in the soil.
of surface residue– and root-derived C among labile
SOM fractions.

The soil C pool in agroecosystems is receiving in-
creased attention because of concerns about the MATERIALS AND METHODS

rising levels of atmospheric CO2. Cropland may function
Experimental Setupas either a sink or source for CO2 in the atmosphere

Soil from the surface horizon (0–15 cm) of a Monona silt(Karlen and Cambardella, 1996). If we are to manage
loam (fine-silty, mixed, mesic Typic Hapludolls) was collectedthe C balance in cropland, we must understand the fac-
from a research site near Treynor, IA, in August of 1995.tors that determine whether the C contained in crop
The soil contains 5% sand and 27% clay. The field had beenresidue is retained in the soil or released as CO2 into
continuously cropped to corn for more than 30 yr using con-the atmosphere (Buyanovsky and Wagner, 1987).
ventional tillage practices.The use of conservation tillage, including no-till, is

The field-moist soil was passed through an 8-mm sieve.being encouraged as part of a strategy to reduce C loss Large pieces (.|2 cm) of plant residue were removed by
from agricultural soils (Kern and Johnson, 1993). De- hand. The soil was thoroughly mixed and the equivalent of
composition rates are generally slower in no-till com- 2420 g of dry soil was placed in 2.5-L plastic pots. A nutrient
pared with conventional tillage in which the decomposi- solution was added to each pot at the beginning of the experi-
tion of soil organic matter (SOM) is promoted by the ment, and identical fertilizer additions were made 18, 30, 38,
stirring of the soil and alterations in the soil microcli- 47, and 52 d after the plants emerged. The total amount of
mate (Parton et al., 1996). Holland and Coleman (1987) fertilizer added to the pots was similar to common field appli-

cation rates for oat (67 kg N ha21, 56 kg P ha21, 22 kg K ha21).suggested that C retention is increased in no-till because
Twelve oat (Avena sativa cv. Ogle) seeds were planted in eachthe surface residue is primarily decomposed by fungi
pot and after emergence the plant population was thinned towhich have a higher assimilation efficiency than the
six plants per pot.bacteria which dominate the decomposition processes

The pots were placed in two growth chambers which wereof residue mixed into the soil. We could find no informa-
set at 20 and 12.78C during light and dark periods, respectively.tion in the literature which compared the relative contri-
The plants received 10 h of light each day for the first 5 wkbution of surface residue and roots to soil organic C in of the incubation and then daylength was increased to 14 h.

no-till. Fifteen pots were arranged in each chamber in a completely
We conducted an experiment to examine changes randomized design. Additional pots were prepared as de-

in soil C pools during the initial period following the scribed above and placed as a border around the experimental
pots to minimize edge effects.
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concentration of the NaOH in the traps was adjusted duringPulse Labeling
the incubation so that at least 40% of the trap capacity re-

We pulse labeled the plants in one growth chamber with mained unused. Respired 14CO2 was measured by adding Op-14CO2 at 15, 20, 26, 31, 37, 46, and 52 d after emergence. No tima Gold (Packard Instrument Co., Downers Grove, IL) scin-
label was applied after Day 56 because the plants had reached tillation cocktail to 0.5 mL aliquots taken from each trap and
boot stage and most new photosynthate would be used to counting on a 1900 TR Liquid Scintillation Analyzer (Packard
produce grain, rather than leaf, stem, or root biomass. To Instrument Co., Downers Grove, IL). Cumulative respired
label the plants, we placed a Plexiglas1 box (0.05 m3) over each 14CO2 is reported as an average of all the pots within the
pot. A beaker containing 270 mBq NaH14CO3 (New England labeled surface residue or labeled (roots 1 soil) treatments.
Nuclear Research Products, Boston, MA) was placed inside
the box and the base was sealed with duct tape. The 14CO2 Soil Samplingwas generated in the box by acidifying the NaH14CO3 with
9 mL of lactic acid which was added to each beaker through Three pots from each treatment were destructively sampled
a small injection port in the side of the Plexiglas box. The on Days 0, 90, 180, 270, and 360. After the surface residue
boxes were kept in place for 5 h to allow the 14CO2 to be was removed, the plastic pots were cut away, and the soil was
assimilated by the plants. The plants in the second growth gently picked apart. The coarse roots (.2 cm length) were
chamber were not labeled with 14CO2. removed and rinsed with water, although most roots were

clean when separated from the soil. The surface residue and
coarse roots were dried at 508C for 48 h and then separatelyIncubation
ground in a ball mill. After removing the coarse roots, the

Treatment Combinations moist soil from each pot was passed through an 8-mm sieve and
systematically mixed to ensure representative subsampling.We used the 14C labeled and unlabeled plants to create a
Three 400-g samples were removed from each pot and passedreciprocal transplant experiment consisting of two treatment
through a 2-mm sieve. These samples and the remaining 8-combinations: (1) 14C labeled surface residue 1 pots with unla-
mm sieved soil were air dried and stored at room temperature.beled roots and soil and (2) unlabeled surface residue 1 pots

with 14C labeled roots and soil.
Size and Density SeparationCombination 1 will be referred to as the labeled surface

residue treatment and Combination 2 will be referred to as Soil Dispersion and Size Separation
the labeled (roots 1 soil) treatment. Note that the labeled

The air-dried, 2-mm sieved soil from each pot was systemati-(roots 1 soil) treatment contained 14C prior to the start of
cally mixed and three samples were removed to determinethe incubation because the plants had been exposed to 14CO2
organic C, 14C, and total N in the whole soil. In addition, weduring vegetative growth. Therefore, measurements from the
dispersed three 30-g soil samples from each pot with 100 mLfirst sample date (Day 0) served as baseline values for each
of 5 g L21 sodium hexametaphosphate and shook the samplesof the treatments to which subsequent sample dates were
for 18 h on a reciprocal shaker. The dispersed soil samplescompared.
were passed sequentially through a 500- and 53-mm sieve andAt senescence (118 d after planting), the plants from both
rinsed thoroughly with water. The (silt 1 clay) material thatgrowth chambers were cut off at the soil surface. The oat grain
passed through the sieves was captured in a receiving pan andwas removed and the remaining straw was dried at 508C for
then dried at 708C for 36 h. The dried (silt 1 clay) fraction36 h. The dry weight of the straw averaged 20.2 g pot21. Leaves
and the whole soil samples were ground on a roller mill to passwere separated from the stems, composited as unlabeled and
through a 250-mm sieve and then stored at room temperature.14C labeled samples, and dried at 508C for 36 h. The roots and

We observed that the material retained on the 53-mm sievesoil were undisturbed in the pots to simulate no-tillage. The
became stuck together when it was dried in an oven. We weresoil in each pot was adjusted to 250 g H2O kg21 dry soil and
concerned that this would interfere with the density separationthen 4.5 g subsamples of the leaves (representing 22% of the
procedure. We did not observe the same tendency for thetotal aboveground C) were put on the soil surface. The labeled
material retained on the 500-mmm sieve. Because of thesesurface residue treatment was prepared by placing 14C labeled
observations, the material retained on the two sieves was han-leaves on the soil surface of pots containing unlabeled roots
dled differently.and soil. The labeled (roots 1 soil) treatment was prepared

by placing unlabeled leaves on the soil surface of pots con-
taining 14C-labeled roots and soil. We applied 10 g of water Density Separation of Large Particulate Organic Matter
with an atomizer to moisten the surface residue. Each pot was

The material retained on the 500-mm sieve was transferredplaced in a 15-L plastic container (Letica Corp., Muscatine,
to an aluminum weighing pan and dried at 508C. At a laterIA) that had a removable air-tight lid. The containers were
date, these samples were transferred to 100 mL beakers andarranged in a completely randomized design in one growth
suspended in sodium polytungstate (Geoliquids Inc., Prospectchamber at 258C. The lids were periodically removed to main-
Heights, IL) adjusted to a density of 1.85 g cm23. The samplestain aerobic conditions within the containers. Water was added
were allowed to separate overnight, after which we aspiratedto the pots as needed to maintain the desired soil moisture.
the large POM floating on the surface of the liquid. The large
POM was washed with 300 mL of water on a 20-mm nylon

Soil Respiration filter, transferred to aluminum weighing pans, dried at 508C,
ground in a ball mill, and then stored at room temperature.A wide mouth glass jar (225 mL) containing 50 mL NaOH

was placed in each container to capture respired CO2. The
Density Separation of Small Particulate Organic MatterCO2 traps were changed on Days 1, 3, 5, 8, 12, and then

weekly or biweekly for the remainder of the incubation. The We developed a procedure that permitted flotation of the
53-mm fraction without oven drying the material first. The
material retained on the 53-mm sieve was backwashed onto1 Reference to trade names and companies is made for information

purposes only and does not imply endorsement by the USDA. a 20-mm nylon filter, and a vacuum was applied to remove



192 SOIL SCI. SOC. AM. J., VOL. 64, JANUARY–FEBRUARY 2000

excess water. Then the material was rinsed into 100-mL bea- titrating a 1-mL aliquot with 0.5 M HCl using a DTS800 Multi-
Titration System (Radiometer, Copenhagen, Denmark). Thekers with polytungstate (1.85 g cm23) to a volume of 50 mL.

The samples were allowed to separate overnight, after which specific activity (SA) of the CO2–C evolved for each sample
period was calculated by dividing the 14C evolved by the totalwe aspirated the small POM floating on the surface of the

liquid. The small POM was rinsed, dried, and ground as de- CO2–C evolved. The results indicated the 14C label was rela-
tively uniformly distributed after the initial few weeks of thescribed above.
incubation for oat leaves and roots. From Day 0 to 30, the
SA of the CO2–C respired from leaf residue decreased andDensity Separation of Heavy Particulate Organic Matter
then remained constant through Day 210. The specific activity

The heavy material which did not float at a density of 1.85 of CO2–C from root residue increased from Day 0 to 15 and
g cm23 was backwashed onto a 20-mm nylon filter, and a then remained constant through Day 210. These data show
vacuum was applied to remove excess water and polytungstate. that, for the majority of the incubation time, both the leaves
The material retained on the filter was rinsed into 100-mL and roots were uniformly labeled.
beakers with sodium polytungstate (2.22 g cm23) to a volume
of 50 mL. The samples were allowed to separate overnight,

Calculations and Statistical Analysesafter which we aspirated the heavy POM (hPOM) floating on
the surface of the liquid. The sand fraction was recovered by On Day 0, we randomly selected three pots from the labeled
backwashing the material that did not float at 2.22 g cm23

surface residue treatment and measured the amount of 14C in
onto a 20-mm nylon filter. The hPOM and sand fractions were the surface residue (D0 residue), coarse roots (D0 roots), and whole
rinsed with water, dried, and ground as described previously. soil (D0 soil). Similar measurements were made on three pots

selected from the labeled (roots 1 soil) treatment. A baseline
Carbon and Nitrogen Determination value for total 14C in each treatment on Day 0 was calculated:

Organic C and total N in the surface residue, coarse roots, D0 total 5 D0 residue 1 D0 roots 1 D0 soilwhole soil, and SOM fractions were determined by dry com-
D0 total was 163 mBq kg21 soil in the labeled surface residuebustion methods in a Carlo-Erba NA 1500 NCS elemental
treatment and 109 mBq kg21 soil in the labeled (roots 1 soil)analyzer (Haake Buchler Instruments, Paterson, NJ). No car-
treatment. D0 residue, D0 roots, D0 soil, and D0 total served as baselinebonates were present in this soil. Carbon-14 concentrations
measurements in the labeled surface residue and labeledin each fraction were measured by combusting subsamples in
(roots 1 soil) treatments to which subsequent sample datesa Harvey Biological Oxidizer, model OX500 (R.J. Harvey
were compared. On the remaining four sample dates, Dt totalInstrument Corp., Hillsdale, NJ). The 14C released during oxi-
was calculated for each of the treatments in a manner similardation was trapped in Harvey’s 14C cocktail and counted on
to that which we described above, except that cumulativethe liquid scintillation analyzer. The ash content of each frac-
14CO2 evolved was included in the total:tion was determined by loss of mass upon ignition in a muffle

oven at 4508C for 20 h. Dt total 5 Dt residue 1 Dt roots 1 Dt soil 1 Dt CO2

Because the D0 total values were different in the two treatments,Uniformity of Carbon-14 Label Experiment
comparisons between the treatments were made on a percent-

We conducted a separate incubation test to assess the uni- age basis.
formity of the 14C label in the oat leaves and coarse roots. The labeled surface residue treatment and the labeled
Labeled leaves and roots were collected, dried at 508C, and (roots 1 soil) treatment were analyzed separately in this exper-
then separately ground in a Wiley mill. We placed 25 g of iment. The pots were arranged in a completely randomized
pre-ashed silica in a 50 mL glass beaker and then stirred in design. Three pots (replications) from each treatment were
0.4 g of either the leaves or coarse roots. Three replicates of sampled on Days 0, 90, 180, 270, and 360. Regression models
each treatment (oat leaves or coarse roots) were prepared. including linear and quadratic components were fit to charac-
The material in each beaker received 1 mL of a general soil terize changes in each variable across time. Values for the
inoculum. Inoculum was obtained by shaking 250 g of soil in LSD were calculated as described by Steel and Torrie (1997).
500 mL of water for 20 min. The resulting suspension was
centrifuged for 30 min and the opaque supernatant was col-
lected as the inoculum source. In addition, each beaker re- RESULTS AND DISCUSSION
ceived 1 mL of nutrient solution [1 g K2PO4, 0.25 g KCl,

Characteristics of Plant and Soil Materials0.25 g MgSO4, and 23 mg (NH4)2SO4 L21] and 1 mL L21 of
micronutrient solution (Wander et al., 1994). Additional water Characteristics of the plant and soil materials arewas added to bring the samples to 60% water-filled pore space

given in Table 1. Carbon concentrations were relativelybased on the amount of water remaining after saturated sand
high and similar in surface residue and coarse roots,freely drained for 24 h. Each beaker was placed in a sealable,
intermediate in large and small POM, and low in the0.95 L jar along with a vial containing 8 mL of 0.5 M NaOH

to capture CO2–C as it was evolved. Controls were prepared hPOM, sand, and (silt 1 clay) fractions. The ash-free
by placing empty beakers and vials containing NaOH in three data show that the C concentration of leaves, roots,
additional jars. We added 10 mL of water to the bottom of and POM fractions were about equal, indicating the
each jar to humidify the atmosphere within the jar and slow observed differences in C concentration were primarily
the rate at which the residue–silica mixtures dried out. The due to inequalities in the amount of inorganic material
jars were sealed and placed in an incubator at 258C. The in each fraction. Nitrogen concentrations were highertraps were changed on Days 1, 3, 6, and after that weekly or

in POM compared with the other plant and soil frac-semiweekly. Respired 14CO2 was measured by adding Optima
tions. In contrast to our observations for C, differencesGold scintillation cocktail to 1.0-mL aliquots taken from each
in the N concentrations were accentuated by correctingtrap and counting on the liquid scintillation analyzer. The

total amount of respired CO2–C (12C 1 14C) was measured by the leaves, roots, and POM fractions for ash content.
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Table 3. The distribution of root-derived 14C in various plant andTable 1. Characteristics of oat residue and soil fractions after 0
and 360 d of an incubation that simulated a no-till environment. soil compartments as a percentage of total 14C contained in the

sum of the compartments and d 0 (D0 total 5 109 mBq pot21).Values on Day 360 followed by * changed significantly (P ,
0.05) during the incubation according to linear regression

Day Probability level†analysis.
Compartment 0 90 180 270 360 Linear QuadraticC N C/N

% of D0 totalDay Day Day Day Day Day
Surface residue 0 0.4 0.3 0.2 0.2 0.2798 0.2120Compartment 0 360 0 360 0 360
Coarse roots 61.6 10.3 5.6 5.1 4.2 0.0001 0.0001
Large POM‡ 12.6 5.9 5.1 6.0 5.5 0.0001 0.0001g kg21 fraction
Small POM 3.2 5.0 5.6 5.8 6.5 0.0001 0.0681Surface residue 385 208* 5.1 13.8* 75.8 15.2*
(hPOM 1 sand) 1.7 1.8 1.9 2.5 1.6 0.4249 0.0389Coarse roots 387 359* 5.2 11.7* 74.7 30.8*
(Silt 1 clay) 17.1 23.3 22.8 21.1 23.9 0.0109 0.0884Large POM 310 302* 15.9 17.4* 19.5 17.5*
Total residue 1 soil§ 96.2 46.7 41.3 40.7 41.9 0.0001 0.0001Small POM (,1.85)‡ 260 280* 17.9 18.3 14.6 15.3*
Cumulative CO2 – 39.3 46.9 53.7 56.1 0.0001 0.0001Heavy POM (1.85–2.22)‡ 13.7 14.0 1.0 1.0 13.7 13.8

Sand§ 13.9 6.7* 1.2 0.6* 11.4 9.7 % Recovery¶
(Silt 1 clay) 13.7 14.8* 1.6 1.7 8.7 9.0 96.2 86.0 88.2 94.4 98.0
Whole soil 17.6 17.3 1.8 1.9 9.7 9.3*

† Level of significance (P ) of linear and quadratic components in theAsh free g kg21 fraction
regression model for each fraction.Surface residue 471 487* 6.2 32.0* 75.8 15.2** ‡ POM 5 particulate organic matter; hPOM 5 heavy particulate or-Coarse roots 467 473 6.3 15.4* 74.7 30.8* ganic matter.Large POM 477 460 24.3 26.3* 19.5 17.5* § Sum of 14C in surface residue, coarse root, and SOM fractions dividedSmall POM (,1.85)‡ 468 508* 32.1 33.2 14.6 15.3* by the amount of 14C contained in the (roots 1 soil) treatment on d 0.Heavy POM (1.85–2.22)‡ 447 473 32.4 33.7 13.8 14.1 ¶ Sum of 14C in all compartments divided by the amount of 14C contained
in the (roots 1 soil) on d 0.† POM 5 particulate organic matter.

‡ Numbers in parentheses are density of SOM in g cm23.
§ Sand grains 1 organic material .2.22 g cm23. incubation. At the end of the 360-d incubation, surface

residue retained 11% of the original 14C in residue
Carbon-14 in Surface Residue, Roots, (D0 residue) and coarse roots retained 7% of the original

and Evolved Carbon Dioxide 14C in coarse roots (D0 roots). The decomposition rates of
surface residue and coarse roots were more rapid in ourTo allow comparisons between the two treatments,
study compared with results from field experiments.we expressed the amount of 14C in each compartment
Several investigators reported that for wheat straw, 14as a percentage of the total 14C in the respective treat-
to 57% of the surface residue mass is lost after 1 yr underment on Day 0 (Tables 2 and 3). The recovery of 14C
field conditions (Brown and Dickey, 1970; Douglas etafter fractionation was generally .90% of the initial 14C
al., 1980; Holland and Coleman, 1987). We could iden-in each treatment (Tables 2 and 3). The amount of 14C
tify no field studies that measured the decompositionin the hPOM and sand fractions was relatively small
rate of roots in no-till, but Buyanovsky and Wagnerand the two fractions were combined into one pool for
(1987) and Ghidey and Alberts (1993) reported that 65discussion purposes.
to 78% of the root mass is lost after 1 yr in a dis-The rate of 14C loss from the surface residue and
turbed soil.coarse roots was rapid at first and then slowed (Fig. 1).

The decomposition rates of the surface residue in ourMore than two-thirds of the 14C was lost from the surface
study were influenced by the decision to remove theresidue and coarse roots during the first 90 d of the
stems and place only leaves on the soil surface. We
made this choice for two reasons. First, the relativelyTable 2. The distribution of surface residue-derived 14C in various
high specific activity of the oat leaves would ensure aplant and soil compartments as a percentage of the total 14C

contained in the sum of all the compartments and d 0 (D0 total 5
163 mBq pot21).

Day Probability level†

Compartment 0 90 180 270 360 Linear Quadratic

% of D0 total

Surface residue 100 32.3 14.8 16.6 11.4 0.0001 0.0001
Coarse roots 0 0.2 0.1 0.1 0.1 0.7213 0.0036
Large POM‡ 0 0.3 0.2 0.2 0.1 0.7654 0.0136
Small POM 0 0.9 1.9 1.7 3.0 0.0001 0.8246
(hPOM 1 sand) 0 0.5 0.7 0.8 1.0 0.0001 0.0760
(Silt 1 clay) 0 8.9 13.5 10.7 12.3 0.0001 0.0001
Total residue 1 soil§ 0 43.1 31.2 30.1 27.9 0.0001 0.0001
Cumulative CO2 – 51.3 61.1 65.0 66.2 0.0001 0.0001

% Recovery¶
100 94.4 92.3 95.1 94.1

† Level of significance (P ) of linear and quadratic components in the
regression model for each fraction.

‡ POM 5 particulate organic matter; hPOM 5 heavy particulate or- Fig. 1. Changes with time in the 14C content of oat surface residueganic matter.
and coarse roots. Values are expressed as a percentage of the§ Sum of 14C in surface residue, coarse root, and SOM fractions divided
amount of 14C contained in the surface residue or coarse roots onby the amount of 14C contained in the surface residue and d 0.
d 0 (D0 residue 5 163 mBq pot21; D0 roots 5 67 mBq pot21). Vertical¶ Sum of 14C in all compartments divided by the amount of 14C contained

in the surface residue on d 0. bars indicate LSD at P 5 0.05.
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the initial 14C (D0 total ) in the (roots 1 soil) treatment
(Table 3). Addditionally, the (silt 1 clay) fraction from
this treatment contained an additional 17 to 24% of the
initial root-derived 14C. The (hPOM 1 sand) fraction
contained ,3% of the 14C in both treatments.

The 14C content of many of the SOM fractions
changed significantly during the incubation. In the la-
beled surface residue treatment, the amount of 14C in
the (silt 1 clay) fraction increased rapidly until Day 180
and then remained constant (Table 2). The (silt 1 clay)
fraction includes not only decomposition resistant hu-
mic materials, but also more rapidly decomposable C
pools including microbial biomass, some microbial me-
tabolites, and soluble C (McKeague, 1971; Turchenek
and Oades, 1979; Ahmed and Oades, 1984). Any 14C

Fig. 2. Cumulative 14CO2 evolved from pots containing either 14C- additions to the (silt 1 clay) fraction after Day 180 may
labeled oat surface residue or 14C-labeled (roots 1 soil). Values have been negated by losses from these labile compo-are expressed as a percentage of the total amount of 14C in the

nents. In contrast, small POM–14C in the labeled surfacerespective treatments on Day 0 (Labeled surface residue treatment
D0 total 5 163 mBq pot21; Labeled (roots 1 soil) treatment residue treatment increased linearly with time through-
D0 total 5 109 mBq pot21 ). Vertical bars indicate LSD at P 5 0.05. out the entire incubation period (Table 2). This accrual

of surface residue–derived C in small POM suggests
strong, easily detectable signal in the SOM pools. Sec- that the decomposition rate of this fraction is relatively
ond, our objectives specifically addressed changes in slow even though it is a potentially rich source of C and
soil C pools associated with biologically active soil pro- N for microorganisms. The decomposition rate of small
cesses, such as nutrient cycling and soil aggregation. POM may be reduced because it is either physically or
Collins et al. (1990) reported that the half-life of wheat chemically protected from microbial attack.
stems in soil is an order of magnitude greater than the In the labeled (roots 1 soil) treatment, large POM
half-life of wheat leaves. From this information, we cal- contained nearly 15% of the initial 14C on Day 0 (Table
culated the potential maximum C input from stems to 3). Large POM–14C declined by 50% between Days 0
be nearly four times smaller than from leaves over a and 90, but small POM–14C and (silt 1 clay)–14C in-
period of 1 yr. Therefore, we expected that the majority creased during the same time. This suggests that C is
of the C entering biologically active soil pools during moving from the coarse root or large POM pools into the
the year-long incubation would come from the leaves. small POM and (silt 1 clay) fractions as decomposition

Cumulative 14CO2 evolution is reported as a percent- proceeds. Changes in the 14C content of large POM,
age of the D0 total for the respective treatments (Fig. 2). small POM, and (silt 1 clay) associated material were
Initially, the rate of 14CO2 evolution was similar in both minimal after Day 90 (Table 3). Losses from these pools
treatments. By Day 10, the rate of 14CO2 evolution in- due to decomposition may have been compensated for
creased in the labeled surface residue treatment, but by additions from the coarse roots during this time,
remained fairly constant in the labeled (roots 1 soil) although most of the coarse roots were decomposed by
treatment. Respiration rates began to slow in both treat- Day 90. Alternatively, the decomposition rate of each
ments by Day 50 and were nearly constant after Day of these pools may be relatively slow. We suggest that
130 in the labeled (roots 1 soil) treatment and after a portion of the root-derived C in soil is rapidly decom-
Day 150 in the labeled surface residue treatment. After posed after plant senescence. Within a short time, the
360 d, 66% of the initial 14C contained in the labeled remaining root-derived C becomes stabilized either in
surface residue treatment and 56% of the initial 14C in chemically resistant forms or within aggregates that
the labeled (roots 1 soil) on had been respired as CO2. physically protect the C from microbial degradation.

Carbon-14 in Size and Density Fractions
SUMMARY AND CONCLUSIONSA comparison of the two treatments indicates differ-

ences in the distribution of surface residue– and root- After 360 d of decomposition, 66% of the 14C con-
tained in surface residue on Day 0 had been respiredderived C among size and density fractions for all sample

dates (Tables 2 and 3). The most notable difference was as 14CO2, 11% of the original 14C remained in residue
on the soil surface, and 16% of the 14C was in the soilin the large POM fraction. It contained ,0.3% of the

initial 14C (D0 total) in the labeled surface residue treat- (Table 2). Most of the surface residue–derived C in the
soil on Day 360 was associated with the (silt 1 clay)ment compared to 5 to 13% of the initial 14C in the

labeled (roots 1 soil) treatment. More generally, large fraction. Only a small amount of surface residue–
derived C accrued in the POM fractions. In comparison,and small POM together contained 1 to 3% of the initial

14C (D0 total) in the labeled surface residue treatment (Ta- 56% of the initial 14C in the labeled (roots 1 soil) treat-
ment on Day 0 evolved as 14CO2, and 42% of the 14Cble 2). The (silt 1 clay) contained an additional 9 to

14% of the surface residue–derived C. In contrast, the remained in the soil after 360 d (Table 3). Most of the
root-derived 14C was associated with the (silt 1 clay)large and small POM fractions contained 11 to 16% of
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Brown, P.L., and D.T. Dickey. 1970. Losses of wheat straw residueand POM fractions. This supports the hypothesis that,
under simulated conditions. Soil Sci. Soc. Am. Proc. 34:118–121.in relatively undisturbed soil, POM is derived primarily

Buyanovsky, G.A., and G.H. Wagner. 1987. Carbon transfer in afrom roots. winter wheat (Triticum aestivum ) ecosystem. Biol. Fert. Soils.
These data show clear differences in the partitioning 5:76–82.

Cambardella, C.A., and E.T. Elliott. 1993. Carbon and nitrogen distri-of surface residue– and root-derived C during decompo-
bution in aggregates from cultivated and native grassland soils.sition and imply that the beneficial effects of no-till on
Soil Sci. Soc. Am. J. 57:1071–1076.soil organic C accrual are primarily due to the increased

Collins, H.P., L.F. Elliott, R.W. Rickman, D.F. Bezdicek, and R.I.retention of root-derived C in the soil. A large amount Papendick. 1990. Decomposition and interactions among wheat
of surface residue–derived C was respired into the atmo- residue components. Soil Sci. Soc. Am. J. 54:780–785.
sphere as CO2, while a greater proportion of root-de- Douglas, C.L., Jr., R.R. Allmaras, P.E. Rasmussen, R.E. Ramig and

N.C. Roager, Jr. 1980. Wheat straw composition and placementrived C was conserved within the soil after 1 yr. The
effects on decomposition in dryland agriculture of the Pacificcontribution of surface residue to SOM may be higher
Northwest. Soil Sci. Soc. Am. J. 44:833–837.over the long term (i.e., .10 yr) due to C inputs from Ghidey, F., and E.E. Alberts. 1993. Residue type and placement effects

the relatively slowly decomposing stem tissue. However, on decomposition: Field study and model evaluation. Trans.
we calculated the potential C input from stems to be ASAE 36:1611–1617.

Gregorich, E.G., M.R. Carter, D.A. Angers, C.M. Monreal, and B.H.nearly four times smaller than the amount contributed
Ellert. 1994. Towards a minimum data set to assess soil organicby leaves during our 1-yr incubation.
matter quality. Can. J. Soil Sci. 74:367–385.It should also be noted that the contribution of surface Gregorich, E.G., and H.H. Janzen. 1996. Storage of soil carbon in

residue to SOM may be higher under field conditions the light fraction and macroorganic matter. p. 167–190. In M.R.
where earthworms (Lumbricus terrestris) and other Carter and B.A. Stewart (ed.) Structure and organic matter storage

in soils. Lewis Publ., CRC Press, Boca Raton, FL.fauna feed on the surface residue and deposit casts
Holland, E.A., and D.C. Coleman. 1987. Litter placement effectsthroughout the soil. Furthermore, to limit the variables

on microbial and organic matter dynamics in an agroecosystem.in our experiment, we minimized the movement of solu- Ecology 68:425–433.
ble C into the soil during the incubation by injecting Karlen, D.L., and C.A. Cambardella. 1996. Conservation strategies
water directly into the soil with a cannula rather than for improving soil quality and organic matter storage. p. 395–420.

In M.R. Carter and B.A. Stewart (ed.) Structure and organic matterpouring water through the residue. As much as 10% of
storage in soils. Lewis Publ., CRC Press, Boca Raton, FL.the C in wheat straw may be soluble (Collins et al.,

Kern, J.S., and M.G. Johnson. 1993. Conservation tillage impacts on1990) and, under normal field conditions, rainwater national soil and atmospheric carbon levels. Soil Sci. Soc. Am.
could leach this C into the soil and potentially increase J. 57:200–210.
the amount of surface residue–derived C in the soil. McKeague, J.A. 1971. Organic matter in particle-size and specific

gravity fractions of some Ah horizons. Can. J. Soil Sci. 51:499–505.These experiments were designed to examine changes
Parton, W.J., D.S. Ojima, and D.S. Schimel. 1996. Models to evaluatein soil C pools during the initial period following the

soil organic matter storage and dynamics. p. 421–448. In M.R.implementation of no-till. Early changes in the C pools
Carter and B.A. Stewart (ed.) Structure and organic matter storage

are most likely to be manifested in biologically active in soils. Lewis Publ., CRC Press, Boca Raton, FL.
processes, such as nutrient cycling and soil aggregation. Steel, R.G.D., and J.H. Torrie. 1997. Principles and procedures of

statistics. 3rd ed. McGraw-Hill, New York.Although our experimental conditions would not exist
Turchenek, L.W., and J.M. Oades. 1979. Fractionation of organo-in situ under typical no-till conditions, the results are

mineral complexes by sedimentation and density techniques. Ge-an important first step towards developing and testing
oderma 21:311–343.

hypotheses about the relative contribution of surface Wander, M.M., S.J. Traina, B.R. Stinner, and S.E. Peters. 1994. Or-
residue and roots to SOM in the field. ganic and conventional management effects on biologically active

soil organic matter pools. Soil Sci. Soc. Am. J. 58:1130–1139.
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